Research in contextEvidence before this studyEarly detection of pancreatic carcinoma (PC) is essential in order to provide patients with an optimal therapeutic approach. Carbohydrate antigen 19--9 is the only diagnostic marker approved by the FDA but its diagnostic potential is limited due to its restricted sensitivity and specificity. Integrated analysis is also required for accurate prognostic biomarkers that help to guide patients\' therapy. Currently a variety of potential biomarkers in blood and tumors have been reported. However, many studies focused only on disparate genes, which are not sufficient for the diagnosis and prognosis of PC. Besides, few of these biomarkers have been validated for clinical use. Thus, the combination of different markers as diagnostic or prognostic indices appears promising.Microarrays run on high-throughput platforms have emerged as a promising and efficient tool for screening differentially expressed genes (DEGs) in cancers and identifying promising biomarkers for the diagnosis and prognosis of cancers. Many gene expression profiling microarrays have been conducted to find various DEGs in various cancers. However, inconsistent results are commonly obtained due to either sample heterogeneity in independent studies or studies conducted using only a single cohort.Added value of this studyIn this study, we synthesized several sets of public data and clinical data. Candidate molecular markers were identified for diagnosis and prognosis prediction of PC. Moreover, we found that the combination of the markers can serve as a promising prognostic indicator in patients with PC. A novel gene, TMC7, that is overexpressed in PC was identified. The role of the candidate differentially expressed proteins in PC cells including TMC7 was preliminary explored. This research provides a novel insight into diagnostic and prognostic markers as well as molecular mechanisms of PC.Implications of all the available evidenceOur study suggested the identified seven genes can be potential target genes of PC. Inhibition of these genes may provide a potential therapeutic target for treatment of PC. We plan to explore whether the expression pattern of the potential diagnostic markers exist in circulating tumor cells from PC patients. We hope that these markers can help to make an early diagnosis and also help to predict the prognosis which might provide essential information regarding personalized treatment decisions for individual patients.Alt-text: Unlabelled Box

1. Introduction {#s0020}
===============

Pancreatic carcinoma (PC) is a highly malignant tumor that accounts for 216,000 new cancer cases annually and causes \>200,000 deaths a year worldwide \[[@bb0005],[@bb0010]\]. The 5-year survival rate for patients with PC is \<5% due to early metastasis to regional lymph nodes and hematogenous spread to distant organs. The only potentially curable treatment of PC is surgical resection. However, approximately 80% of tumors are unresectable at the time of diagnosis \[[@bb0015],[@bb0020]\]. For patients with advanced stage of PC, chemotherapy is the treatment of choice although the regimens have extensive side-effects, making them unsuitable for patients with a low performance status. For this reason, early detection of PC is essential in order to provide patients with an optimal therapeutic approach. In addition, integrated analysis is required for accurate prognostic biomarkers that help to guide patients\' therapy.

Recent advances in genome-wide studies have revealed the diverse and complex genetic alterations of PC patients which may explain diverse disease behavior in a clinical setting. Currently, a variety of potential biomarkers in blood and tumors have been reported. However,many studies focused only on disparate genes, which are not sufficient for the diagnosis and prognosis of PC. Besides, few of these biomarkers have been validated for clinical use \[[@bb0025],[@bb0030]\]. Thus, the combination of different markers as diagnostic or prognostic indices appears promising.

Recently, microarrays run on high-throughput platforms have emerged as a promising and efficient tool for screening differentially expressed genes (DEGs) in cancers and identifying promising biomarkers for the diagnosis and prognosis of cancers \[[@bb0035]\]. Many gene expression profiling microarrays have been conducted to find various DEGs in various cancers \[[@bb0040], [@bb0045], [@bb0050]\]. However, inconsistent results are commonly obtained due to either sample heterogeneity in independent studies or studies conducted using only a single cohort.

The aim of the present study was to explore possible molecular mechanisms and potential diagnostic and prognostic biomarkers of PC. First, data from three Gene Expression Omnibus (GEO) database were combined and key genes involved in PC were picked out using bioinformatic methods. The diagnostic value of the genes was evaluated using ROC curve. And the prognostic value of the genes was evaluated using survival analysis of TCGA data. Following, the protein expression pattern of the candidate genes was detected in clinical tissue samples. We further performed a retrospective clinical study of the expression of candidate proteins and survival time of patients. Moreover, the combination of multiple proteins for the prognosis prediction of PC was evaluated. In vitro experiment was conducted to elaborate the potential roles of these biomarkers in clonability and invasion of PC cells.

2. Materials and methods {#s0025}
========================

2.1. Differential expression analysis {#s0030}
-------------------------------------

Datasets were downloaded from the GEO database (<http://www.ncbi.nlm.nih.gov/geo>/). mRNA expression profiles of GSE62452 \[[@bb0055]\], GSE28735 \[[@bb0060]\] and GSE16515 \[[@bb0065]\] were downloaded from the GEO data repository. The dataset for GSE62452 includes 69 PC samples and 61 normal pancreatic tissue samples. GSE28735 incorporates 45 PC samples and 45 normal pancreatic tissue samples. GSE16515 consists of 36 PC samples and 16 normal samples. A total of 150 PC and 122 nonmalignant pancreatic tissue samples were included.

The original annotation files were downloaded, then quality control and normalization were performed using the robust multi-array average (RMA) method \[[@bb0070]\]. A *t*-test followed by Benjamini & Hochberg (BH) adjustment were applied to identify DEGs between tumor and normal tissues. The genes that met the cutoff criteria of a fold change \> 2 and an adjusted *P*-value \< .05 were considered DEGs. Integrative analysis of the three set of DEGs was done using Robust Rank Aggreg \[[@bb0075]\], and genes with a score of \< 0.01 were selected. In total, 389 DEGs were selected. Clustering analyses were done to show expression patterns of the differentially expressed genes in tumor and normal tissues.

2.2. GO and pathway enrichment analyses {#s0035}
---------------------------------------

Online biological tools were used to investigate the functions and pathways of the candidate DEGs. Gene Ontology (GO) enrichment analysis (<http://www.geneontology.org/>) was used to explore the biological functions associated with the DEGs \[[@bb0080]\]. Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analysis (<http://www.genome.jp/kegg/pathway.html>) was applied to further illuminate the pathways of the DEGs \[[@bb0085]\]. The Database for Annotation, Visualization and Integrated Discovery (DAVID) (<https://david.abcc.Ncifcrf.gov/>) can provide biological meaning for genes. GO and KEGG pathway enrichment analysis of identified DEGs was performed using DAVID \[[@bb0090],[@bb0095]\]. P \< 0.05 was set as the threshold. The false discovery rate (FDR) was controlled at the 0.01 threshold.

2.3. Protein-protein interaction (PPI) network construction {#s0040}
-----------------------------------------------------------

A PPI network of identified DEGs in all three datasets was constructed using the STRING online database (<http://string-db.org>) \[[@bb0100]\]. Cytoscape software (<http://www.cytoscape.org>/) was used to analyze the interaction relationships of the candidate DEGs encoding proteins in PC \[[@bb0105]\]. Functional modules in interaction networks were conducted using the Markov clustering algorithm. The most stringent protein interaction screening criteria (confidence \> 0.9) were set as the threshold.

2.4. Data standardization {#s0045}
-------------------------

To identify strong candidate genes that can accurately recognize and represent changes in PC, standardized and comprehensive analysis of three sets of data from different platforms was performed. The YuGene transform was applied to eliminate the impact of the different platforms \[[@bb0110]\]. The YuGene software is implemented as an R package available from CRAN.

2.5. ROC analysis {#s0050}
-----------------

Receiver operating characteristic (ROC) curve analysis was performed to evaluate the sensitivity and specificity of the DEGs for PC diagnosis using the R package. An area under the curve (AUC) value was calculated and used to designate the ROC effect.

2.6. Immunohistochemistry {#s0055}
-------------------------

Tissue microarray chips containing 99 samples of pancreatic cancer and 71 samples of paired normal pancreatic tissue were purchased from Outdo Biotech (Shanghai, China). The characteristics of the patients are shown in Supplementary File S1. Immunohistochemistry (IHC) staining was performed as previously described \[[@bb0115]\]. Microarray chips were stained with anti-CENPF (Abcam), anti-SCEL, anti- GLUT-1, anti-SLC6A14, anti-TMC7 (Thermofisher, Waltham, MA USA), anti-TMPRSS4 and anti- MASpin (Gene Tex, Irvine, CA, USA) antibodies. Control staining with only secondary antibodies was performed to ensure specificity. Rabbit IgG polyclonal-Isotype control (Abcam) was used as the negative control. The score for staining was independently assessed by two experienced pathologists based on the integrated staining intensity and the proportion of positive cells. The final score was determined by adding the staining intensity score and the average proportion of positive cells score; the final score ranged from 0 to 7. For the purpose of further analysis, the samples with a score of 0--3 were defined as low expression, while the samples with scores of 4--7 were defined as high expression.

2.7. The cox regression model {#s0060}
-----------------------------

A multivariate Cox regression model was constructed on TCGA dataset using the seven DEGs (CENPF, SCEL, SLC2A1, SLC6A14, TMC7, TMPRSS4 and SERPINB5). The stimated baseline risk was calculated as the following formula: h \^(t) = h \^~0~ (t) exp(x~i~\'β \^)

Where x~i~\' indicates gene and β \^ refers to the relative expression value of corresponding gene.

2.8. Survival analysis {#s0065}
----------------------

A Kaplan-Meier survival analysis was performed for patients with differential gene/protein expression or of high−/low-risk group. For survival analysis of a single gene/protein, patients were assigned to high/low gene expression groups according to the median of the expression level of mRNA/protein. For survival analysis of combined seven genes, patients from TCGA dataset were divided into high−/low-risk groups according to the Cox regression model. For survival analysis of combined seven proteins, clinical patients with high expression of more than four proteins were divided into the high-risk group and the remaining patients were divided into the low-risk group. Statistical significance was assessed using the log-rank test (P \< 0.05).

2.9. Cell culture and transient transfection {#s0070}
--------------------------------------------

Human pancreatic cancer cell lines PANC-1 and BxPC3 were obtained from Shanghai Advanced Research Institute, Chinese Academy of Sciences. Cells were cultured in DMEM supplemented with 10% fetal bovine serum. For transient transfection, cells were seeded in 6-well plates and transfected with plasmid using Lipofectamine 2000 (Invitrogen, USA) according to the manufacturer\'s instructions. Target sequences for shRNAs are summarized in Supplementary Table S1.

2.10. Soft agar assay {#s0075}
---------------------

1 × 10^4^ pre-treated PANC-1 and BxPC3 cells were used for soft agar assay as previously described \[[@bb0115]\]. Cells were cultured for 14 days. Viable cell colonies larger than 0.1 mm were counted using a dissecting microscope.

2.11. Transwell assay {#s0080}
---------------------

PANC-1 and BxPC3 cells were treated as described above and seeded onto Matrigel-coated Transwell chambers for 24 h. Transwell assay was performed according to the method previously described \[[@bb0120]\]. Cells that had passed through the membrane were counted.

3. Results {#s0085}
==========

3.1. Identification of differentially expressed genes in PC and data intergration {#s0090}
---------------------------------------------------------------------------------

Three datasets of PC were downloaded from the GEO database. Gene expression profiles from GSE 16515 identified 1118 differentially expressed genes with 851 genes upregulated and 267 genes downregulated in PC samples when compared with normal pancreatic tissues. Gene expression profiles from GSE 62452 identified 325 differentially expressed genes with 204 genes upregulated and 121 genes downregulated in PC. Gene expression profiles from GSE 28735 identified 495 differentially expressed genes with 253 genes upregulated and 206 genes downregulated in PC ([Fig. 1](#f0005){ref-type="fig"}a). Heatmap analysis showed that these genes presented differential expression profiles between normal tissues and cancer tissues ([Fig. 1](#f0005){ref-type="fig"}b). For integrated analyses of the three GEO datasets, Robust Rank Aggreg was applied, and genes with a score \< 0.01 were selected. A total of 389 consistently expressed DEGs were identified from the three datasets, and the cluster heatmap is shown in [Fig. 1](#f0005){ref-type="fig"}c.Fig. 1Identification of differentially expressed genes in PC and data integration.(A) Volcano plot of genome-wide gene expression profiles in PC and adjacent normal tissues from GSE16515, GSE62452 and GSE28735. Red plots represent aberrantly expressed mRNAs with P \< 0.05 and absolute log~2~FC \> 1. Black plots represent normally expressed mRNAs. Green plots represent aberrantly expressed mRNAs with P \< 0.05 and log~2~FC \< −1. The abscissa shows the value of fold change in gene expression between tumors and normal tissues. The ordinate means the −log10 of the adjusted *P* value for each gene. (B) Heatmap analysis of differential expression profiles between normal tissues and cancer tissues from the three GEO databases. DEGs were defined with p \< 0.05 and \|log~2~FC\| \> 1. (C) The cluster heatmap of 389 consistently expressed DEGs from integrated analyses of the three GEO datasets. The normalized expression values are represented in shades of red and green, indicating expression above and below the median expression value across all tissues, respectively. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)Fig. 1

3.2. Functional characterization of PC specific genes {#s0095}
-----------------------------------------------------

To characterize the function of the DEGs and to identify key candidate pathways, GO functional analysis and KEGG pathway analysis were performed. GO analysis showed that the DEGs were mainly enriched in processes such as digestion, xenobiotic glucuronidation, proteolysis, and negative regulation of glucuronosyltransferase activity ([Fig. 2](#f0010){ref-type="fig"}a). KEGG pathway enrichment analysis demonstrated that the DEGs were mainly associated with pancreatic secretion, protein digestion and absorption, retinol metabolism, cytochrome P450 drug metabolism, pentose and glucuronate interaction, etc. ([Fig. 2](#f0010){ref-type="fig"}b).Fig. 2Significantly enriched pathway terms of DEGs in pancreatic carcinoma.(A) DEG functional and signaling pathway enrichment were conducted using online websites for GO and KEGG pathways (B). Significantly enriched GO terms of DEGs in PC are shown based on their functions. P \< 0.05 was set as the threshold. The false discovery rate (FDR) was controlled at the 0.01 threshold.Fig. 2

Using the STRING online database, the PPI network complex of the DEGs was constructed to discover protein functions (Supplementary Fig. S1). The results of the PPI network were mostly consistent with the results of GO and KEGG enrichment, indicating that the differential proteins in the network play an important role in the development of PC. We also found that these proteins have a distinct multidirectional aggregation that forms many clusters. For example, genes in the cluster formed by the red nodes are mainly associated with the peroxidation of alcohol and aldehyde and in the transport of glucose. These results indicate that the energy metabolism pathway of PC may have changed. In addition, collagen secretion has also undergone major changes in PC.

3.3. Identification of key genes for diagnosis of PC {#s0100}
----------------------------------------------------

First, key candidate genes were identified from the 389 DEGs with Fisher\'s exact test. The top 10 genes were selected ([Table 1](#t0005){ref-type="table"}). To eliminate the influence of platform effect, YuGene was applied to standardize data. Hierarchical clustering of the integrated data shows that these 10 genes can distinguish PC from normal pancreatic tissue ([Fig. 3](#f0015){ref-type="fig"}a).Table 1Top ten DEGs identified with Fisher\'s exact test.Table 1**Gene symbolOfficial full nameP-value of fisher test**TMPRSS4transmembrane protease, serine 48.58E-17SERPINB5serpin family B member 53.03E-16LOC102725207annexin A8-like4.51E-16SCELsciellin4.51E-16TNS4tensin 44.51E-16SLC6A14solute carrier family 6 member 145.15E-16TMC7transmembrane channel like 77.07E-16SLC2A1solute carrier family 2 member 12.51E-15CENPFcentromere protein F3.05E-15ITGB4integrin subunit beta 43.05E-15Fig. 3Identification of key genes for diagnosis of PC.(A) Hierarchical clustering analysis of the top ten DEGs identified by Fisher\'s exact test. (B) ROC analysis of the top ten DEGs. Genes with an AUC value of \>0.85 are shown.Fig. 3

As these 10 genes are prominently expressed in PC, we performed a ROC curve analysis to evaluate their sensitivity and specificity for the diagnosis of PC. As shown in [Fig. 3](#f0015){ref-type="fig"}b, TMPRSS4, SERPINB5, SLC6A14, SCEL and TNS4 achieved an AUC value of \>0.85, demonstrating that these genes have high sensitivity and specificity for PC diagnosis. The results suggested that TMPRSS4, SERPINB5, SLC6A14, SCEL and TNS4 can be used as biomarkers for the diagnosis of PC.

3.4. Survival analysis of TCGA data {#s0105}
-----------------------------------

TCGA pancreatic cancer dataset contains transcriptome sequencing data and clinical data from 177 pancreatic cancer patients. Survival analysis of the top 10 genes was performed using TCGA data. As shown in [Fig. 4](#f0020){ref-type="fig"}a, TMC7, TMPRSS4, SCEL, SLC2A1, CENPF, SERPINB5 and SLC6A14 are closely related to the prognosis of patients. High expression of the seven genes is significantly associated with poor prognosis. This suggested that these seven genes may be potential biomarkers for the prognosis of PC. As the combination of different markers as prognostic indices appears promising, we further evaluated the prognostic value of the combination of the seven genes for PC. A Univariate Cox regression model was implemented on TCGA dataset using the seven genes ([Fig. 4](#f0020){ref-type="fig"}b). The patients were classified into a high-risk group or low-risk group using the Cox regression model. The Kaplan-Meier survival analysis showed that patients in high-risk group have significantly shorter survival time compared with those in low-risk group ([Fig. 4](#f0020){ref-type="fig"}c). The comprehensive analysis indicated that a combination of the seven genes can predict the prognosis of PC.Fig. 4Prognostic value of DEGs for PC in TCGA dataset.(A) Kaplan-Meier survival curves for patients of PC with high and low indicated gene expression in TCGA dataset. (B) The Univariate Cox regression model on TCGA dataset using the seven genes. (C) Kaplan-Meier survival curves for patients in the high-risk group and low-risk group using the Cox regression model based on TCGA data. *P*-Values were calculated using the log-rank test.Fig. 4

3.5. Validation of the DEGs in clinical tissue samples {#s0110}
------------------------------------------------------

To confirm the reliability of the identified DEGs (TMC7, TMPRSS4, SCEL, SLC2A1, CENPF, SERPINB5 and SLC6A14), we detected protein expression of the seven genes in 99 clinical PC tissues and 71 paired normal pancreatic tissues using IHC. The results showed that all seven proteins are significantly overexpressed in tumor tissues when compared with those in normal tissues ([Fig. 5](#f0025){ref-type="fig"}a & b, t-test, p \< 0.05). We also noticed that the expression of SLC6A14, TMPRSS4, SLC2A1(GLUT-1) and SERPINB5 (MASPin) was significantly higher in patients of stage II than those of stage I ([Fig. 5](#f0025){ref-type="fig"}c, one-way ANOVA, p \< .05). We concluded that the four genes may increase with PC progression during early stage.Fig. 5Differentially expressed proteins in human PC tissue and normal pancreatic tissue.(A) The protein expression of CENPF, SCEL, SERPINB5 (MASPin), SLC2A1(GLUT-1), SLC6A14, TMC7 and TMRSS4 in clinical human PC tissue and normal tissue was detected by IHC. Representative photos are shown (100× and 400×). Scale bar = 100 μm. (B) Protein expression scores in PC tissue and normal pancreatic tissue are shown. Significance tested by *t*-test, \*\*\*p \< 0.001 versus normal tissue. (C) The expression of indicated proteins in PC tissue from patients at different stages. Significance tested by one-way ANOVA, \* p \< 0.05 versus Stage I. All data are represented by mean ± SEM.Fig. 5

3.6. Comprehensive analysis to evaluate the role of the seven proteins in PC prognosis prediction {#s0115}
-------------------------------------------------------------------------------------------------

We have proved that the mRNA level of TMC7, TMPRSS4, SCEL, SLC2A1, CENPF, SERPINB5 and SLC6A14 significantly associated with survival time in TCGA dataset. Following, we conducted a retrospective clinical study to determine whether the seven proteins can predict the prognosis of patients with PC. Survival analysis of the 99 clinical PC patients was performed. As shown in [Fig. 6](#f0030){ref-type="fig"}a, patients with high levels of protein expression of TMC7, TMPRSS4, SCEL, SLC2A1, CENPF, SERPINB5 and SLC6A14 in tumor tissue had significantly shorter survival times compared to those with low level protein expression. Consistent with the results of the genes, the results indicated that the seven proteins can also predict prognosis of PC.Fig. 6Prognostic value of differentially expressed proteins for clinical pancreatic carcinoma.(A) Kaplan-Meier Survival curves for clinical PC patients with high and low expression of CENPF, SCEL, SERPINB5 (MASpin), SLC2A1(GLUT-1), SLC6A14, TMC7 and TMRSS4. (B) Survival curves for patients in the high-risk group and low-risk group based on expression scores of the differentially expressed proteins. Patients with high expression of more than four of the seven proteins were assigned to the high-risk group. The remaining patients were assigned to the low-risk group. P-Values were calculated using the log-rank test.Fig. 6

Moreover, we evaluated the prognostic value of the combination of the seven proteins for PC. Clinical patients were grouped into either a high-risk group or low-risk group according to the expression levels of the seven proteins. Those with high expression of more than four of the seven proteins were assigned to the high-risk group, and the remaining patients were assigned to the low-risk group. Survival curve of the two groups showed that patients in the high-risk group had significantly shorter survival times than those in the low-risk group ([Fig. 6](#f0030){ref-type="fig"}b). The result indicated that the combination of the seven protein can also serve as a promising indicator for predicting the prognosis of patients with PC. The consistency of comprehensive analysis for the seven genes and proteins suggests that the combination of the identified candidate genes is reliable for prognosis evaluation of PC.

3.7. Knock down of the differentially expressed proteins inhibited clonability and invasion of PC cells {#s0120}
-------------------------------------------------------------------------------------------------------

The potential roles of some of the identified proteins in PC biology are not clear yet. We performed soft agar colony formation assay and transwell assay to investigate the effect of the seven proteins on the clonability and invasiveness of the PC cells. Human pancreatic cancer cell lines were transient transfected with shRNA of the seven genes. The transfection efficiency was verified by western blot ([Fig. 7](#f0035){ref-type="fig"}a). Soft agar assay show that the number of cell clones was lower in the TMC7 knockdown group compared with that in the control group ([Fig. 7](#f0035){ref-type="fig"}b, one-way ANOVA, p \< 0.05). Similar results have been observed in other proteins. As shown in [Fig. 7](#f0035){ref-type="fig"}c (one-way ANOVA, p \< 0·05), more cells that had passed through the membrane cells were observed in control group while less cells were observed in the TMC7 knock down group. Similar results have been observed in CENPF, SCEL, SLC6A14, SLC2A1 and TMPRSS4. However, knockdown of SERPINB5 did not change the number of transmembrane cells (Data not shown). The results showed that knock down of the proteins can markedly inhibited clonability and invasive ability of PC cells. This suggested that these proteins could enhance the clonability and invasive ability of PC cells.Fig. 7Targeted genes/proteins contribute to clonability and invasiveness of PC cells in vitro.(A) PANC-1 cells were transient transfected with shRNA of TMC7, TMPRSS4, CENPF and control shRNA (shCTL). BxPC3 cells were transient transfected with shRNA of SLC2A1, SCEL, SERPINB5, SLC6A14 and shCTL. Western blot was used to detect the transfection efficiency. (B) Colony formation test of treated PANC-1 and BxPC3 cells was done. (C) Transwell assay in specific shRNA transfected or control PANC-1 and BxPC3 cells. Cells that had passed through the membrane were counted. Representative images are shown. Significance tested by one-way ANOVA, \*\*p \< 0.01; \*\*\*p \< 0.001 versus shCTL. All data are represented by mean ± SEM.Fig. 7

4. Discussion {#s0125}
=============

PC is an aggressive disease that shows few symptoms until the cancer is advanced. Carbohydrate antigen 19--9 is the only diagnostic marker approved by the FDA but its diagnostic potential is limited due to its restricted sensitivity and specificity \[[@bb0125],[@bb0130]\]. Since early diagnosis is still difficult, promising new biomarkers that help to allow an early diagnosis are needed. The high rate of positive lymph nodes and surgical margins at the time of resection has prompted investigators to evaluate preoperative chemoradiotherapy approaches. Prognostic biomarkers might provide essential information regarding personalized treatment decisions for individual patients. Novel biomarkers that help to estimate patients\' prognosis are also needed.

In this study, genes that were consistently differentially expressed in normal pancreas tissues and tumor tissues across three GEO database were statistically analyzed. Hierarchical clustering analysis of the top ten DEGs showed that these genes can reflect the difference between normal and tumor tissues. ROC curve analysis indicated that five of these genes (TMPRSS4, SERPINB5, SLC6A14, SCEL, TNS4) may be potential molecular markers for the diagnosis of PC with relatively high sensitivity and specificity.

Survival analysis of TCGA data indicated that CENPF, SCEL, SERPINB5, SLC2A1, SLC6A14, TMC7 and TMPRSS4 is related to the prognosis of patients. The expression of these genes and the prognostic prediction value was further validated in clinical samples. All tested proteins were significantly overexpressed in tumor tissue, showing the same expression pattern as that obtained from database analysis. The expression of SLC6A14, TMPRSS4, SLC2A1(GLUT-1) and SERPINB5 (MASPin) was significantly higher in patients of stage II than those of stage I. We concluded that the four genes may increase with PC progression during early stage. However, due to limited number of patients of late stage in our study, it is uncertain whether the conclusion can be extrapolated to late stage. Survival analysis show that high expression of these proteins was related to poor prognosis.

Although single biomarker for prognosis has been widely reported, the robustness is a major concern. We further explored the role of the combination of the seven genes/proteins in prognosis prediction in PC. Comprehensive analysis of the seven genes and proteins showed that a combination of the seven genes/proteins can be used to predict the prognosis of patients. Altogether, the optimized seven genes/proteins-based model is a valuable and robust model in predicting the survival of PC.

The majority of PCs start in the exocrine cells, which produce the digestive juices. Altered metabolism is a critical hallmark of PC. Our study\'s functional enrichment and PPI network analyses show that the occurrence of PC is related to pathways of pancreatic secretion, protein digestion and absorption, and aldehyde peroxidation. These pathways mainly affect the biological processes of substance absorption and energy metabolism. In addition, PPI network analysis suggested that the changes in the secretion of collagen may also be closely related to the occurrence of pancreatic cancer.

Our preliminary in vitro study showed that TMC7, SCEL, SLC2A1, TMPRSS4, CENPF, SERPINB5 and SLC6A14 contributes to clonal formation and invasiveness in PC. This indicated that these genes could also be exploited as potential therapeutic targets for PC.

TMC7 is a member of a gene family predicted to encode transmembrane proteins \[[@bb0135]\]. The specific function of TMC7 in both normal cells and tumor cells is unknown at present. In the present study, we provided the first evidence that TMC7 is overexpressed in PC and contribute to tumor progression and metastasis.

SCEL and TMPRSS4 have been reported to overexpressed and may associated with poor prognosis in several kinds of tumors \[[@bb0140], [@bb0145], [@bb0150], [@bb0155]\]. Studies have showed that SCEL is highly expressed in late stage primary colorectal cancer and mediates epithelial-mesenchymal transition (EMT) in colorectal cancer hepatic metastasis by activating wnt/β-catenin signal pathway \[[@bb0160]\]. Existing evidences have reported that TMPRSS4 promotes cell migration and metastasis by facilitating EMT in lung and colon cancer cell lines \[[@bb0165]\]. High levels of TMPRSS4 have been found in PC. However, the specific role of SCEL and TMPRSS4 in the progression and prognosis of PC remains unknown. In the present study, we showed that the SCEL is overexpressed in PC. Our study also supports the notion of SCEL and TMPRSS4 as potential prognosis markers and promote tumor progression and metastasis in PC. It reminds us that SCEL and TMPRSS4 may promote the tumor progression and metastasis via inducing EMT in PC where further validation is needed.

SLC2A1 encodes for uniport protein GLUT-1, a member of glucose transporter family. GLUT-1 plays a significant role in glucose metabolism in malignant tumor. Down-regulation of GLUT-1 results in an inhibited Warburg effect in tumor cells \[[@bb0145]\]. Our study showed that GLUT-1 is a prognostic factor for overall survival of PC which is consistent with Yu M et al.\'s report \[[@bb0170],[@bb0175]\]. Moreover, we showed that knocking down of GLUT-1 inhibited the proliferation of PC cells. Given that PC differs greatly from normal pancreatic tissue in several glucose uptake and metabolism pathways, we speculate that GLUT-1 probably supports the growth of PC by regulating Warburg effect, although this inference requires further verification.

SLC6A14 is found to be overexpressed in PC \[[@bb0180]\]. Pharmacologic blockade of SLC6A14 can induce amino acid starvation in PC cells and reduce tumor cell growth and proliferation \[[@bb0185]\]. Similarily, our study showed that knockdown of SLC6A14 reduced cell colony and metastasis in PC. SERPINB5 encodes Maspin, which is an epithelial-specific member of the serpin superfamily. Maspin is involved in several biological behaviors of tumor. Knocking down of Maspin elevates the gemcitabine sensitivity of hormone-independent prostate cancer \[[@bb0190]\]. Maspin is also involved in the angiogenesis of grem cell tumor via p53 pathway \[[@bb0195]\]. Aberrant SERPINB5 mRNA expression in pulmonary adenocarcinoma is associated with tumor metastasis and poor clinical outcome \[[@bb0200]\]. SERPINB5 also seems to assume an oncogenic role in PC \[[@bb0205]\]. Mardin WA et al. showed that SERPINB5 expression was correlated with increased metastasis and provide a diagnostic tool for PC \[[@bb0210]\] which consistent with the results obtained in our study.

CENPF, a structural protein of kinetochore, is also associated with tumor growth in a variety of cancers. CENPF is frequently overexpressed in hepatocellular carcinoma and silencing CENPF resulted in the cell cycle arrest \[[@bb0215]\]. CENPF is associated with prognosis of prostate cancer \[[@bb0220]\] and acts synergistically with FOXM1 to regulate target gene expression and activate key signaling pathways associated with tumor malignancy \[[@bb0225]\]. Computational analyses have shown that CENPF is tightly related to the progression of PC \[[@bb0230]\]. Survival analyses of clinical patients in our study further validate the result.

In this study, we synthesized several sets of public data and clinical data. Candidate molecular markers were identified for diagnosis and prognosis prediction of PC. A novel gene, TMC7, that is overexpressed in PC was identified. The role of the candidate differentially expressed proteins in PC cells including TMC7 was preliminary explored. Moreover, we found that the combination of the markers can serve as a promising prognostic indicator in patients with PC. This research provides a novel insight into molecular mechanisms, diagnostic and prognostic markers of PC.

Given the limited benefit of therapies, treatment decision-making in PC can be challenging \[[@bb0235]\]. Moreover, the accuracy of tumor staging assessment is limited by the sensitivity and specificity of imaging. In order to decide which treatment plan is appropriate for a patient, it is of utmost importance to weigh tumor staging and clinical circumstances such as life expectancy \[[@bb0240]\]. For example, neoadjuvant chemotherapy is recommended for resectable PC with high risk factors even without radiological evidence of metastases \[[@bb0245],[@bb0250]\]. Our study suggested that a combination of the identified genes/proteins can be used as an indicator for risk stratification that help to predict the prognosis of PC. The identified prognostic biomarkers might provide essential information regarding personalized treatment decisions for individual patients and improve the therapeutic gain.

As these genes are overexpressed in tumor cells and tumor tissues, we speculate that the change of the expression of these genes may also exist in circulating tumor cells. Detection of the expression of these genes in circulating tumor cells is expected to make an early diagnosis of PC. We plan to carry out the relevant clinical research in this aspect in the following study. Moreover, a more detailed molecular mechanism analysis for these genes will be carried out to clarify their role in promoting PC progression and metastasis.
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